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Genetic deafness William Reardon
Historical overview The concept of heredity as a cause of deafness gained acceptance in the last quarter of the 19th century.'2 Politzer,3 writing in 1882, stated that "the most frequent causes of congenital deafness are: hereditary, including direct transmission from the parents as well as indirect transmission from forefathers and marriage between blood relatives". This statement was based upon the work of Arthur Hartmann whose studies were carried out in the Berlin schools for deaf children.4 5 Hartmann distinguished between direct transmission of deafness from parent to child and indirect transmission, in which he noted a high level of consanguinity. This latter finding was supported by Uchermann's extensive study of Norwegian schools for deaf children. 6 Uchermann showed that consanguinity was four times as high among the parents of deaf children as among the parents of their normally hearing counterparts. Moreover, those areas of Norway with the highest degree of consanguinity were those with the highest prevalence of deafness.
The earliest known author to have recognised that some forms of deafness may be inherited was Schenck.7 A century later Zacchia, physician to the Pope, recommended that deaf people be precluded from marriage in view of the evidence that their children were similarly afflicted.8 Although Joseph Adams distinguished between hereditary (dominant) and familial (recessive) disorders, he was of the view that deafness "is rarely if ever heredit- " 9 ary".
In the mid-nineteenth century two men, of diametrically opposed views, served to raise otology from quackery to the level of credible clinical discipline. ' 16 Overall the most common forms of genetic deafness are the autosomal recessive forms, accounting for >75% of cases. ' Embryology of the inner ear Most of the published data on genetic deafness relate to pathological and histopathological studies in man and in other mammals. Before attempting to interpret these or draw any conclusions relevant to human genetic deafness, it is essential to be conversant with the basic sequence of events involved in the embryology of the cochlea.
The membraneous inner ear is of ectodermal derivation. At three weeks an ectodermal thickening, the otic placode, appears on the lateral surface of the head. Subsequently the placode invaginates, forming the otic pit, which grows downwards into the underlying mesoderm. As the surface ectoderm closes over the otic pit, the otic cyst is formed, the process being complete by about four weeks. From the otic cyst develop two primitive structures, the dorsal (vestibular) and ventral (cochlear) parts. At six weeks the vestibular part forms two pouches, a dorsal pouch from which will develop the two vertical semicircular canals and a lateral pouch from which will develop the lateral semicircular canal. By the nine week stage the basis of the vestibular system, the utricule and semicircular canals, are well established, but the cochlear system lags behind.303'
At about this time the mesoderm enveloping the developing otic cyst becomes cartilaginous and ossification starts at approximately 16 weeks, being completed by the third trimester.
Meanwhile the cochlear system starts to develop and, by 12 weeks, the two and a half turns are discernible with further development of the membraneous elements of the cochlear system continuing into the second trimester.
The fundamental importance of normal neural tube development for correct otic cyst development in the mammal has long been appreciated.32-34 More recent evidence suggests that melanocytes, derived from the neural crest, have an important role in the normal development of the stria vascularis and endocochlear potential within the membraneous system of the cochlea,35 a normal endocochlear potential being of crucial importance in the physiology of hearing.
Bearing these considerations in mind, it is hardly surprising that the phylogenetically older vestibular system appears more resistant to disease than the later developing cochlea. It is the cochlea which is the more sensitive to rubella, measles, and mumps damage and equally it is the cochlea alone which is the seat of most genetically determined hearing loss.
Temporal bone pathology in deafness Four main classes of abnormality have been described as a result of temporal bone studies in deaf human subjects'637: (1) Michel type, characterised by total underdevelopment of the inner ear; (2) Mondini type (more correctly Mundini38), in which the cochlea appears as a single basal turn with the rest of the cochlea comprising a single sac, as if to suggest interrupted development. Vestibular structures may be similarly underdeveloped, though several cases are known where this abnormality was accompanied by a normal vestibular labyrinth'9; (3) Bing-Siebenmann type, in which the bony labyrinth is well formed but the membraneous labyrinth is not developed; (4) Scheibe (cochleosaccular) type, in which the underdevelopment is restricted to the membraneous cochlea and saccule only, but the vestibular part of the ear is functional.
The latter is thought to be the most common form of abnormality in deafness of genetic origin. However, no direct relationship exists between pathological class and mode of inheritance.
Correlations between temporal bone pathology and genetic deafness As they involve abnormalities of bone, Michel and Mondini types may be diagnosed radiologically.4" Although some residual hearing, particularly in the low frequencies, has been documented in association with the normal basal cochlear coil of the Mondini deformity,38 this is unlikely to be a universal finding.4111
The Mondini deformity is rare in genetic forms of deafness, but is seen in the autosomal dominant condition of branchio-oto-renal syndrome and in the autosomal recessive condition of Pendred's syndrome. Michel Temporal bone studies in human subjects with genetic deafness indicate that lesions confined to the membraneous cochlea are the most common form of pathology24 and these are generally of the Scheibe type. Accordingly, blanket cochlear CT scanning in genetic deafness is likely to give a disappointing yield.
Correlations between genetic deafness in man and animal models More than 70 different mutations are known to affect the inner ear of the mouse46 and 151 forms of inherited deafness have been documented in man by drawing distinctions, some more justified than others, between different pedigrees.24 Many of the inner ear abnormalities observed in mice appear to be grossly similar to abnormalities documented in man and suggest that the responsible mouse mutations are candidates for specific forms of genetic deafness in man. Unlike colleagues working with mice, the human geneticist has rarely been in a position to relate specific abnormalities to the effects of a particular gene. The number of human pedigrees with known inner ear pathology in all affected members is small and when families whose deafness is ostensibly similar on clinical grounds differ in respect of temporal bone pathology, differentiation tends to be made between them on this basis. Mouse studies have, however, shown that the same gene may produce a wide variety of clinical and pathological abnormalities.4748 This probably reflects the genetic background factors against which the gene is being expressed. For this reason attempts to relate specific inner ear abnormalities on a one to one basis to particular single gene causes of deafness in man are liable to be disappointing and misleading. Moreover, this observation is important in understanding the limitations of phenotype studies as a guide to shared genotype in the study of human deafness. 49 Notwithstanding the limitations of the relationship between inner ear abnormalities and specific genes in man, it has been possible to define certain similarities between human hereditary inner ear abnormalities and those in mice. Broadly speaking such abnormalities in the mouse may be of three distinct types.50
(1) Morphogenetic, which includes all cases of structural abnormality and corresponds to the Michel and Mundini defects in man. As with Michel and Mundini abnormalities in man, asymmetry is a frequent finding between the two ears in affected cases.
(2) Neuroepithelial, characterised by a primary organ of Corti abnormality and a variable degree of vestibular degeneration. No strict corresponding form is described in the classification of temporal bone findings in man. 37 (3) Cochleosaccular, characterised by a primary lesion involving the stria vascularis and corresponding to the Scheibe abnormality in man (fig 2) .
There may be certain benefits from an interspecific comparative system such as this. Classifying animal models of deafness in this manner may facilitate the future selection of appropriate models for study of comparable forms of genetic deafness in man. It also defines a better framework for classifying tem The benefits of audiological tests as an aid to genetic counselling in autosomal dominant non-syndromic deafness are better documented. In general, dominant deafness is said to be milder than recessive.'8 Reduced penetrance and variable expressivity of autosomal dominant non-syndromic deafness genes are well documented'8 and, for this reason, audiograms of first degree relatives of index cases are usually undertaken, although the sensitivity and specificity of such testing is open to question.
Genetic counselling in deafness
In the USA 90% of deaf adults marry another deaf person and, in view of this assortive mating, genetic counselling may often be appropriate to persons whose deafness may be non-genetic in aetiology. Perhaps nowhere in genetic counselling is an appreciation of cultural factors said to be more important.6"5 Many deaf patients have no desire to be cured and are hostile to any suggestion that the aim of counselling is to prevent deafness. Thus, the counsellor may find his/her personal views being challenged by the preference of a deaf couple to have deaf children. These cultural considerations aside, several other general phenomena have been observed in relation to genetic counselling in deaf communities. Questionnaires have been successfully used to elucidate aspects of medical, pregnancy, and family history which may influence counselling. Limited knowledge of family history is frequently observed and may necessitate contacting other family members, with the proband's consent, for relevant details. Moreover the collection of data relevant to counselling may be limited by educational and communication factors.
These phenomena have been well documented in the USA as a result of the genetics service programme established in 1984 at Galludet University, an institution for deaf students. Though valuable in highlighting factors unique to this population which would not be observed otherwise, it is unclear how generally applicable they may be to less educationally privileged, less culturally aware groups of deaf people elsewhere. Similar studies outside this highly selective group are needed to facilitate a balanced overview of the more general situation. 
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